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INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY 



International application No. 
PCT/JP03/11674 



I. Basis of the report 



With regard to the language, this report is based on the international application in the language in which it was filed, 
unless otherwise indicated under this item. 

This report is based on translations from the original language into the following language , 

which is language of a translation furnished for the purpose of: 

n international search (under Rules 12.3 and 23.1(b)) 

r~l publication of the international application (under Rule 12.4). 

n international preliminary examination (under Rules 55.2 and/or 55.3). 



2. With regard to the elements of the international application, this report is based on (replacement sheets which have 
been furnished to the receiving Office in response to an invitation under Article 14 are referred to in this report as 
"originally filed" and are not annexed to this report): 

n The international application as originally filed/fiimished 
^ the description: 

pages 1 to 9 fl to 17 in the English version'i , as originally filed/fumished 

pages* , received by this Authority on 

pages* , received by this Authority on 

IS the claims: 

Nos. , as originally filed/fumished 

Nos.* , as amended (together with any statement) under Article 19 

Nos.* 1. 3 and 5 . received by this Authority on October 1. 2004 
Nos.* , received by this Authority on 

IS the drawings: 

pagoo/ Figs. 1 to 8 , as originally filed/fumished 

pages/Figs.* , received by this Authority on 

pages/Figs.* , received by this Authority on 

□ a sequence listing and/or any related table(s) - see Supplemental Box Relating to Sequence Listing, 



3. IS The amendments have resulted in the cancellation of: 

n the description, pages 

15^ the claims, Nos. 2 and 4 

r~l the drawings, sheets/fig 

□ the sequence listing (specify): 

□ any table(s) related to sequence listing (specify):. 



4. IS This report has been established as if (some of) the amendments annexed to this report and listed below had not 

been made, since they have been considered to go beyond the disclosure as filed, as indicated in the Supplemental 
Box (Rule 70.2(c) 

[S the description, pages ' 1 to 3 fl to 5 in the English version"! 

rn the claims, Nos. 

□ the drawings, sheets/fig 

rn the sequence listing (specify): 

□ any table(s) related to sequence listing (specify): 



* If item 4 applies, some or all of those sheets may be marked "superseded." 
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Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial 


applicability; citations and explanations supporting such statement 




1. Statement 




Noveltv CN\ Claims 1 3 and 5 


Yes 


Claims 


. No 


Inventive step (IS) Claims 


Yes 


Claims 1, 3 and 5 


No 


Industrial applicability (lA) Claims 1, 3 and 5 


Yes 


Claim 


No 


2. Citations and explanations (PCT Rule 70.7) 




Document 1: JP 9-160619 A (Toyoda Machine Works, Ltd.) 




20 June, 1997 




Regarding Claims 1, 3 and 5: 




Document 1 (the second embodiment, especially) describes the technique of fixing a 


sensor and rotating a cam to detect a standard phase from outer shape of the cam, and 


therefore, it is obvious that the predetermined lift amount of an outer peripheral surface of the 


cam is detected, and it would have been easy for a person skilled in the art to set it so as to 


detect the predetermined lift amount between the base circle portion and the cam lobe at a 


given point. 




Likewise, Document 1 does not describe the technique of detecting a sensor which is 


standard phase-indexing means at a "given point", but in an apparatus for moving a work 


(camshaft) sequentially in an axial direction and grinding it, it would have been easy for a 


person skilled in the art to fix the sensor at a given point and move the cam to be worked to 


the position of the sensor sequentially. 
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Supplemental Box 



(Use this Box if, in any of the Boxes, the space is insufficient to furnish all the information.) 
Continuation of Box No. I 

The amendment for adding a prior art in the description together with its contents 
cannot be recognized to be within the scope of the matters described in the description, 
claims and drawings as originally filed in the international application. 

Therefore, the above-mentioned amendment goes beyond the scope of the disclosure as 
originally filed in the application. 
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DESCRIPTION 

PROCESS AND APPARATUS FOR GRINDING WORK FOR 
NON-CIRCULAR ROTOR, AS WELL AS CAMSHAFT 
5 FIELD OF THE INVENTION 

The present Invention relates to an Improvement in a 
process for grinding a work for a non- circular rotor for grinding 
an outer peripheral surface of the work by a rotary grindstone 
advanced and retreated by an NC control depending on the profile 

10 of the work, while rotating the work for the non -circular rotor 
about an axis thereof, and also relates to an apparatus for 
grinding a work for a non-circular rotor, comprising a 
work-rotating means for rotating the work for the non-circular 
rotor about the axis, while supporting the work, a rotary 

15 grindstone capable of grinding an outer peripheral surface of 
the work, grindstone-rotating and reciprocally moving means 
capable of being advanced and retreated with respect to the outer 
peripheral surface of the work, while driving the rotary 
grindstone in rotation, a standard phase- indexing means for 

20 indexing a standard phase of the work, and an NC control unit 
for advancing and retreating the rotary grindstone to grind the 
outer peripheral surface of the work based on the standard phase 
of the work indexed by the standard phase- indexing means and 
previously input data for the profile of the work. Further, 

25 the present invention relates to an improvement in a camshaft 
fabricated by the above -described process. 
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BACKGROUND ART 

Such process and apparatus for grinding a non- circular 
rotor work are already known , for example , as disclosed in patent 
documents 1 and 2 . 
5 [Patent Document 1] 

Japanese Patent Application Laid-open No. 9-300193 

In such non-circular rotor work grinding process and 
apparatus , it is required that the standard phase of the work 
be first indexed, when the outer peripheral surface of the work 
10 for the non-circular rotor is to be ground. Therefore, it is 
a conventional practice that a recess for indicating the standard 
phase is formed in advance in the outer peripheral surface during 
the formation of the work, and a movable element of a standard 
phase sensor placed at a given point at the grinding is fitted 
15 into the recess , whereby the standard phase of the work is indexed. 

However, to fit the movable element of the standard phase 
sensor into the recess, a fitting clearance must be provided 
between the recess and the sensor and is one cause of a reduction 
in accuracy of indexing of the standard phase of the work. The 
20 reduction in indexing accuracy compels an increase in grinding 
margin of the work and as a result, it is difficult to shorten 
the grinding time. 
[Patent Document 2] 

Japanese Patent Application Laid-open No. 9-160619 
25 In a process and apparatus for grinding work for 

non-circular rotor such as a camshaft, the above -described 



document teaches that a recess or a projection is formed as a 
standard phase position in a work piece which is subject to 
grinding , and the recess or projection is detected by a positional 
sensor, and in place of providing a position as a standard phase, 
5 a phase angle at which the sensor output is a maximum using a 
position of the maximum projection of the work piece as a standard 
phase, or a phase angle when the sensor output value increases 
during detection of the maximum projection and becomes a 
predetermined value and a phase angle when the sensor output 

10 value decreases and becomes a predetermined value are read off 
and a mean value between these two values is used as a standard 
phase. By means of such detection technique, it is difficult 
to detect the maximum projection and the operation of determining 
the mean value between the two values is complicated. Further, 

15 an apparatus for such detection inevitably causes an increase 
in cost due to the provision of a recess or a projection as a 
standard phase position and complication in steps of procedures 
of the detection. 
DISCLOSURE OF THE INVENTION 

20 Accordingly, the present invention has been accomplished 

in view of the above circumstances, and it is an object of the 
present invention to provide non- circular rotor work- grinding 



process and apparatus of the above -described type, wherein even 
if a special recess and the like are not formed in an outer 
periphery of a work for a non-circular rotor, the indexing of 
the standard phase of the work can be achieved properly, thereby 
5 enabling a reduction in grinding margin of the work, thus, the 
shortening of the grinding time, and to provide a camshaft which 
has a good appearance and which is formed from a camshaft blank 
whose fabrication is simplified. 

To achieve the above object, according to a first aspect 

10 and feature of the present invention, there is provided a process 
for grinding a work for a non-circular rotor for grinding an 
outer peripheral surface of the work , which includes a base circle 
portion having a constant curvature radius , and a cam lobe leading 
to circumferential opposite ends of the base circle portion, 

15 by a rotary grindstone advanced and retreated by an NC control 
depending on the profile of the work, while rotating the work 
for the non-circular rotor about an axis thereof, characterized 
in that the following steps are carried out: a first step of 
detecting a predetermined lift amount, between the base circle 

20 portion and the cam lobe, of the outer peripheral surface of 
the work at a given point to index a standard phase of the work, 
and a second step of advancing or retreating the rotary grindstone 
by the NC control based on the standard phase of the work indexed 
at the first step to grind the outer peripheral surface of the 

25 work . 

With the first feature, even if a special recess is not 
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formed in the outer periphery of the work for the non-circular 
rotor, the indexing of the standard phase of the work can be 
achieved properly, thereby providing a reduction in grinding 
margin of the work, thus, the shortening of the grinding time. 
5 Further, the predetermined lift amount can be detected properly 
at a given point from the base circle portion to the cam lobe 
of the work, and the indexing of the standard phase of the work 
can be achieved more precisely. 

According to a second aspect and feature of the present 

10 invention, there is provided an apparatus for grinding a work 
for a non-circular rotor, comprising a work-rotating means for 
rotating the work, which includes a base circle portion having 
a constant curvature radius, and a cam lobe leading to 
circumferential opposite ends of the base circle portion, for 

15 the non- circular rotor about an axis thereof, while supporting 
the work, a rotary grindstone capable of grinding an outer 
peripheral surface of the work, grindstone-rotating and 
reciprocally moving means capable of being advanced and retreated 
with respect to the outer peripheral surface of the work, while 

20 driving the rotary grindstone in rotation, a standard 
phase -indexing means for indexing a standard phase of the work, 
and an NC control unit for advancing and retreating the rotary 
grindstone to grind the outer peripheral surface of the work 
based on the standard phase of the work indexed by the standard 

25 phase- indexing means and previously input data for the profile 
of the work, characterized in that the standard phase -indexing 




means comprises a standard phase sensor for detecting a 
predetermined lift amount of the outer peripheral surface of 
the work at a given point . 

The work-rotating means corresponds to a first electric 
5 motor 8 in each of embodiments of the present invention, which 
will be described hereinafter, and the grindstone-rotating and 
reciprocally moving means corresponds to a third electric motor 
18 and a movable table-driving means 12. 

With the second feature, even if a special recess is not 

10 formed in the outer periphery of the work, the indexing of the 
standard phase of the work can be achieved properly by the standard 
phase sensor, thereby providing a reduction in grinding margin 
of the work, thus , the shortening of the grinding time. Further, 
the predetermined lift amount can be detected properly at a given 

15 portion from the base circle portion to the cam lobe of the work 
by the standard phase sensor, and the indexing of the standard 
phase of the work can be achieved more precisely. 

According to a third aspect and feature of the present 
invention, there is provided a camshaft which includes ceims each 

20 comprising a base circle portion ground by the grinding process 
according to the first feature, and a cam lobe leading to 
circumferential opposite ends of the base circle portion, the 
camshaft having no recess indicating a standard phase in an outer 
peripheral surface thereof. 

25 With the third feature, when a blank for the ceimshaft is 

to be fabricated, it is unnecessary to form a recess indicating 



WHAT IS CLAIMED IS 

1 .( amended ) A process for grinding a work for a non-circular 
rotor for grinding an outer peripheral surface of said work ( 10 ) , 
5 which includes a base circle portion (50) having a constant 
curvature radius , and a cam lobe ( 51 ) leading to circumferential 
opposite ends of said base circle portion (50), by a rotary 
grindstone ( 22 ) advanced and retreated by an NC control depending 
on the profile of said work (10) , while rotating said work (10) 

10 for the non-circular rotor about an axis thereof, 

characterized in that the following steps are carried out : 
a first step of detecting a predetermined lift amount, between 
said base circle portion (50) and said ccim lobe (51), of the 
outer peripheral surface of said work (10) at a given point to 

15 index a standard phase of said work (10), and a second step of 
advancing or retreating the rotary grindstone (22) by the NC 
control based on the standard phase of said work (10) indexed 
at said first step to grind the outer peripheral surface of said 
work ( 10 ) . 

20 2. (deleted) 

3. (amended) An apparatus for grinding a work for a non-circular 
rotor, comprising a work-rotating means (8) for rotating the 
work (10), which includes a base circle portion (50) having a 
constant curvature radius, and a cam lobe (51) leading to 

25 circumferential opposite ends of said base circle portion (50) , 
for the non- circular rotor about an axis thereof, while 




supporting said work (10), a rotary grindstone (22) capable of 
grinding an outer peripheral surface of said work (10), 
grindstone-rotating and reciprocally moving means (18, 12) 
capable of being advanced and retreated with respect to the outer 
5 peripheral surface of said work (10) , while driving said rotary 
grindstone (22) in rotation, a standard phase -indexing means 
for indexing a standard phase of said work ( 10 ) , and an NC control 
unit (33) for advancing and retreating said rotary grindstone 
(22) to grind the outer peripheral surface of said work (10) 

10 based on the standard phase of said work (10) indexed by said 
standard phase -indexing means and previously input data for the 
profile of said work (10) , characterized in that said standard 
phase -indexing means comprises a standard phase sensor (35) for 
detecting a predetermined lift amount, between said base circle 

15 portion (50) and said cam lobe (51), of the outer peripheral 
surface of said work (10) at a given point. 

4. (deleted) 

5. (amended) A camshaft which includes cams (10a, 10b lOn) 

each comprising a base circle portion ( 50) ground by the process 

20 for grinding a work for a non-circular rotor according to claim 
1, and a cam lobe (51) leading to circumferential opposite ends 
of said base circle portion (50) , said camshaft having no recess 
indicating a standard phase in an outer peripheral surface 
thereof . 




( P C T 3 6 ^k&XfP C T«aiJ70) 



mmAXn^MA 15-346 


^«(0^jB?#t-oV^Tf:i. «^PCT/I PEA/4 1 6^»m't^:ito 


PCT/ J P0 3/1 1674 


( 0 . ^ . ^2. 09. 2003 


ffi5feB 

(B, M.^) 26. 11.2002 


SBS«Fff5>S (I PC) Int.Cl^ B24B19/08. B23Q15/26. 

B24B19/12. B24B49/00 





1. ^<Dm^^^i. PCT3 5*fcs-^#c«>sis^ii«*aiii-cf^j5fe$<xfciSig^<i»aE«^-e*>-5. 



3. COS^IciijScOliSSife^fc^ft^ix-Ci/^S. 
rfA'^^ts, {■^MimMfli 8 0 2 



4. c:coH|gi^ii«3£«W(i, jJcort^Sr^tf. 



(tSfc«)co:i:ilfc2i.tmM 



2 0.04.2004 


25. 10. 2004 


0*!l#l^if (IPEA/JP) 
SMS-^ 100-8915 




3 C 


9 5 2 9 


SfSS-^. 03-3581-1101 F^il* 3324 



«^PCT/I PEA/409 mm) (20 04^1^) 



X 



X 



m^mm^^ pct/jpo3/i i ei a 



1. rcoBR^fflSfiaeil, TI2Jr^f«'&Srlft<»S3&\ SBaWS<^lrKS:S«S^ L/co 

□ PC T«fllJ12. 3&U«23. 1 (b) p ^BSSiBiE 

□ PCT^Ilj55.2X(155.3{CVN5S8g^«#iE 



1-9 -<-v^, aijs^j-iim$tt/ct><z> 



[x] ^^(oi&m 



m 1, 3, 5 2004. 1 0. 0 1 mfvmm^mm^mmib^^mi.t:ii>co 

[x] mm 

m 1-8 ' y.^m. mmm\cmm^ivtch(D 



3. [x] ttlEJcJzt), T^(0^mibmf^^titio 



mm9 



m 2, 4 



4. [xj wCO^^fi. tt5fefflOJC^uyt:J:^l-s C(^#^(c^f^$tt;6>oJl^JlT(c^Ufc:ttiE:65tU^^{c*3Jt'5^^ 

X.X ^titLh(0 tmi!b^th^(OX. ^^miEft^^titi:ib>otzh(Ot LTf^^LfCo (P C T^fltj70. 2(c)) 



1-3 



* 4. (d^a-rsS-g^. 'superseded' i:feA^?tt-5 w t d^fe^^ 



«^PCT/I PEA/4 0 9 (Iglffli) (2 0 04^1^) 



mmmSf^ PCT/JP03/11674 



mvm »r«tt. ii*tt3H4M3ll±©*JfflpII6ttlcov>-CWjEfelBl 2* {PCT3 5*(2)) «c^*5^#P. 

1. M.m 



f9im.it. (N) 



i9*«>®H 1. 3. 5 



il^tt (I S) 



8B*<DffiH 1. 3, 5 



m±<omm-^iiiii. ( i a) is*<ottH i. a. s 



x»Rxm.m (pcr mm. 7) 



Xmi l:JP 9-160619 A (^fflX^^^^tt) 
1997. 06. 20 

It^CD^ISl, 3, 5 



«IS;PCT/I PEA/4 0 9 (f^V«) (2004¥1-^) 



' # 



SBmK#^ PCT/JP03/'11674 



I fll<OjR$ 



fil^PCT/l PEA/4 0 9 (tt^flO) (2004^1^) 



1 

m m m 



(Du—'^^^miyTji^^'b. :i<DK7-^^^(Dm^mKnzm^^'^^u—^m^^ 
r:>^muu—'^(D^mm\zii!^\^xmi^^'^n^m,^muikxs'^m.Wi^mt, 

uy^ <h \z^-5\^xm%^v—^(n>9\-mm^mmt^ < mm&^^mm-^ 
:^m\z^y)miiFtsnrz:fyj^^<D^^izm-r^o 

izm^-^tiTi^^^^oiz, mz^ibnxi^>^o 
mnxm 1 ] 

02^#W^ 9-300193 ^^j^m 

ums±.>'^m\zm^m.m^wtntmri\tfi.i^'r, '^<D^^mm^u-'^(D^m 



2 

mn:$cm 2 ] 

B2^!t#M^9 - 1 6 0 6 1 9^^$g 

'tn(b2'D<Dm<D^mmt:^m&miiT^:itt:^7F:vx\^^^o f)^7f)^^i^^mm 
x\t. miz^iiim(DmMmi^<, ^r:i2-^<Dm<D^mm^j^^tb^i^m\itmmx 
Mtc, t)^ti^^m.^^'u^mm.n., ^mw^w&.ii\^xm^^^u^¥im.\^ 

mnf<iim^m^mfj^i.tji<xh, u—^(Dmm^^(DmK)tiiL^&omizffoz.t 
^S7?#T. r7-^(Dmw\i^<Dm'p, m^^x\tmnmm<Dmm^-^mizT^, mm 

tmznm(D^0U:fjA$ii^mm'r^ z. t^u&^t-r^o 
:i(D^-:^B^(Dm:^}pimmzmrj:^tiAa'-^^h^mxrc^Fimmmi^(Du 

^<Di^Wimr)\zmil&^ii:rji:^^B, z:(DU—'i7<D-:fay^Mzf;^CXNC 

mw\z^KtMM't^mii^m^\zj;:'Dxmu—^<D^mm^mw\T^, $mmm^ 
^u-^omwiyjmz^i^^x. ^.'^xmm'7-^(D^mmz^\tir^mm^~7.f^ 

Tmiy.y^y':^^, ^(Dmiys^y':fxmy)m^nrcmm'7-'^<DmmiiLmizm 
:i(Df^i(D^mz^tiu, $¥P^mmui^(DKf-^(D^m\zmi\f3i\}n^mt:mm 



2/1 

15 ^)yhm^i^^t^mm&m^z>'^xmi^\^rzz.t.^^2(D9^^tT^. 



3 

5 i<Ln±>'t)-iz^r)u-'i^(ommiiL^(DW\otav^t^mzrf^z.t7!)^'v^x. 

^^KijEmizn^ziiTii^x^^o 
-ho $^(c*:fe2^^Bjtt. ijAmi(f^, mi<Dwm(omnwmz-^-vmw\-^nrc^— 

WL, K^^mm{zJ,tmm^^^^-rm^^mrcrji\^^^(Dx$>^ z ht:^ 3 (DW 

z<Dm3<D^wnzj:nit, :^M.m<Dm$f(DmiiF(Df^. ^<Di^mmizmmiiLn^ 
15 ^'riH]gp^*Dxt-^ig:>»«fcC<?s:D.. ^<Dmi^<Dmmi[:^m^:iii7f)^x^^ii^ 
iz, tii^mo)^m^nm^n^zh:fy^x^^o 
*^Bj(D±iB. wwLRumj^ix mi^<Dmmizm^x&.T\zm 




10 



1. miEW m^^%^—^tt^^-7.nm (so) dOD^-xRgp 

(5 0) (DMzlj^pmmzmU^tH^U — ZfU (SD iS^i^fc^^RJ^Ielfe^l:© 
•7-^7 (10) Sr, ^OttiilS^»PfcilI|g$'&;^i:d«e>. Z-COV—^ (10) O^n 
:7w';UfCI&i;TNCMiaitCJ:«9ii5i-r§lilfS?i£5 (2 2) tc:J;oT®'7-^ (1 

'^MC^mU'l—^ (10) (Dn^Btc^BJt-SMIB^-XRgg (5 0) mStiU 
n— (5 1) rBl©0f^®u :7 h«^^^LTM'7— ^ (lO) 

mom-rmiT.y^y^^t, :i(Df^i:^^y':^-(!^wm^nrcm$su—^ do) 

(10) (D^^®<^WM'J-r'5m2X5^^;/yi<&||ff-r^.liSr#i4<J:-r'5, #R 

?^ mmi^ '7 - ^ ® W^'J;^feo 

2 . mm) 

3. (ffiiE^) ffl^^^Sr— JgtTS^-XRgP (5 0) ;i<7)^-7;Rg|5 
(5 0) cDjl:;^(^M)^(3i^;^cC-5:t>AD— ygp (5 1) t^m^fz^Fimm^i^o) 
U—^ (10) <£r3^^L.7S:;i»^'^, Z.<D^-^ (10) ^^coHljii^^ »9 

^y-i^iEife^^ (8) muv—^ (10) (D^^s^wiju^ suiters 

(2 2) <i:, ^(Dlllfe®:^ (2 2) <&lHl^liK»ib-:3 ^ ttftS^-^^ (10) CD^M 

mzMx^'cm^^'^n^m.-Bm^mswmi^^ (is, 12) <h. mt^u—^ 

v—^ (10) (d:/d:7^;1/5^— 37<h{cS-^ViTMi2'7— ^7 (10) <r>^nm-^ 

Wi'JT^< iHlte®^ (2 2) ^itii^iir^NC^iJ^n---/ h (3 3) t.ii^^U:!b, 

#R?^lHlte#:y-i>(DM'J^fi{^43ViT. BGIBSWffifJ D ffi 

miBK7-^ (10) (D^^®tC*3tt'g)W8B^-;^Ri5 (5 0) ]5lC/;«7 AP-:/gB 

(5 1) m<Dm^(Doyhm^mm'r^Mm^n±.>'^ (35) T^ii^bfe;!^ 

4. (^iji^) 



11 

ft, (5 0) t, ;i©^-xRiJ (5 0) <Dm:^\^mmizmrji^fjA 

a — rf^ (5 1) t^^ibU^tlA (lOa. lOb-lOn) ^mV, R-D^m 



